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Spectroscopic parameters and decay channels of the vector resonance Y (2175) are studied by
considering it as a diquark-antidiquark state with the quark content susu. The mass and coupling
of the tetraquark Y (2175) are calculated using the QCD two-point sum rules by taking into account
various quark, gluon and mixed condensates up to dimension 15. Partial widths of its strong decays
to φf0(980), φη, and φη
′ are computed as well. To this end, we explore the vertices Y φf0(980),
Y φη, and Y φη′, and calculate the corresponding strong couplings by means of the QCD light-cone
sum rule method. The coupling GY φf of the vertex Y φf0(980) is found using the full version of this
method, and by treating the scalar meson f0(980) as a diquark-antidiquark tetraquark state. The
couplings gY φη and gY φη′ , however, are calculated by applying the soft-meson approximation to the
light-cone sum rule method. Prediction for the mass of the resonance mY = (2173 ± 85) MeV is in
excellent agreement with the data of the BaBar Collaboration [1], and within errors of calculations
is compatible with the result reported by BESIII [2]. The full width Γfull = (91.1 ± 20.5) MeV of
the Y (2175) saturated by its three strong decay channels is in a reasonable agreement with existing
experimental data.
I. INTRODUCTION
The resonances {Y } with the quantum numbers
JPC = 1−− constitute two families of particles, inter-
pretation of which is one of interesting and yet unsettled
problems of the high energy physics. Members of the
first family populate the mass region m = 4.2− 4.7 GeV,
and were observed by different collaborations. These res-
onances reside very close to each other, and are more nu-
merous than vector charmonia cc from this mass range.
Hence, at least some of these resonances have different
quark-gluon structure, and are presumably states built
of four valence quarks. Besides a suggestion about the
tetraquark nature of heavy {Y } states, there are various
alternative models to account for their parameters and
decay channels.
Another family of the {Y } resonances occupies the
light segment of meson spectroscopy and incorporates the
famous ”old” state Y (2175), and new ones X(2239) and
X(2100) seen recently. The structure Y (2175) was dis-
covered by the BaBar Collaboration in the initial-state
radiation process e+e− → γISRφf0(980) as a resonance in
the φf0(980) invariant mass spectrum [1]. The mass and
width of this resonance measured by BaBar amount to
m = (2175±10±15)MeV and Γ = (58±16±20)MeV, re-
spectively. The same structure was seen also by the BE-
SIII Collaboration in the exclusive decay J/ψ → ηφπ+π−
[2]. The spectroscopic parameters of the Y (2175) ex-
tracted in this experiment differ from original results and
arem = (2200±6±5) MeV and Γ = (104±15±15) MeV.
Because Y (2175) was observed by BaBar and confirmed
by the BESII, BESIII, and Belle collaborations [2–4], its
existence is not in doubt, but an uncertain situation with
the mass and full width of this resonance requires further
experimental and theoretical studies.
Other resonances that may be considered as candidates
to light exotic vector mesons were discovered by the BE-
SIII Collaboration. The first of them, i.e., X(2239) was
fixed in the process e+e− → K+K− as a resonant struc-
ture in the cross section shape line [5]. The second res-
onance X(2100) was seen in the φη′ mass spectrum in
the process J/ψ → φηη′ [6]. The quantum numbers of
X(2239) were determined unambiguously, whereas a sit-
uation with X(2100) remains unclear. Indeed, because of
a scarcity of experimental information the collaboration
could not clearly distinguish two 1+ and 1− assumptions
for the spin-parity JP of the resonance X(2100). Hence,
BESIII extracted its mass and full width using both of
these options. Obtained results differ from each other
and depend on assumption about the parity of the state
X(2100).
Theoretical interpretations of the light vector reso-
nances comprise all available models and approaches of
the high energy physics. Thus, the Y (2175) was consid-
ered as 23D1 excitation of the ordinary ss meson [7, 8].
It was explained also as a dynamically generated state in
the φKK system [9], or as a resonance appeared due to
self-interaction between φ and f0(980) mesons [10]. A hy-
brid meson with structure ssg and a baryon-antibaryon
qqsqqs state which couples strongly to the ΛΛ channel
are among alternative models of the Y (2175) resonance.
There were attempts to interpret Y (2175) as a vector
tetraquark with ssss or ssss contents [11–13] (see Ref.
[5] for other models). The resonance X(2100) was exam-
ined in the framework of the QCD sum rule method in
Refs. [14, 15].
Recently, we explored the light resonances X(2100)
and X(2239) as the axial-vector and vector ssss
tetraquarks [16], respectively. Besides spectroscopic
parameters we also investigated the strong decays
2X(2100)→ φη′ and X(2100)→ φη, and calculated their
partial widths. Predictions obtained for the mass and
width of the axial-vector state allowed us to identify it
with the resonance X(2100), because our theoretical pre-
dictions are very close to its parameters measured by the
BESIII Collaboration. We classified X(2239) as the vec-
tor tetraquark ssss and found a reasonable agreement
between theoretical and experimental results.
In the present work, we continue our investigations of
the light vector resonances and concentrate on features of
the state Y (2175) (hereafter, Y ). Our treatment of this
state differs from existing analyses. Thus, we consider
it as a vector tetraquark with content susu rather than
as a state ssss. The traditional assumption about the
quark content of the Y is inspired by the fact, that it
was discovered in φf0(980) invariant mass distribution.
Because in the standard model of mesons one treats the
φ and f0(980) as vector and scalar particles with the same
ss structure, then it is natural to assume that Y is built
of four valence s quarks.
But the conventional quark-antiquark model of mesons
in the case of light scalar nonets meets with evident dif-
ficulties. In fact, the nonet of scalar mesons in the qq
model may be realized as 13P0 states. In accordance
with various computations, masses of the scalars 13P0
are higher than 1 GeV. They were identified with the
isoscalar mesons f0(1370) and f0(1710), the isovector
a0(1450) or isospinor K
∗
0 (1430) states, i.e., with scalars
from the second light nonet. But masses of the mesons
from the first nonet are lower than 1 GeV, and they can-
not be included into this scheme. Therefore, to explain
experimental information on their masses, and an un-
usual mass hierarchy inside of the nonet Jaffe made sug-
gestion on a four-quark nature of these particles [17].
An updated model of the light scalar nonets is based
on assumption about a diquark-antidiquark structure of
these particles, which appear as mixtures of spin-0 di-
quarks from (3c,3f ) representation with spin-1 diquarks
from (6c, 3f ) representation of the color-flavor group
[18]. In Refs. [19, 20] we investigated the scalar mesons
f0(500) and f0(980) as admixtures of the SUf (3) basic
light L = [ud][ud] and heavyH = ([su][su]+[ds][ds])/
√
2
tetraquark states, and calculated their spectroscopic pa-
rameters and full widths. Obtained predictions agree
with existing experimental data, therefore we consider
the f0(980) as the exotic four-quark meson. Once we
accept this model, a treatment of the Y as a vector
tetraquark Y = [su][su] becomes quite reasonable.
We calculate the spectroscopic parameters of the vec-
tor tetraquark Y = [su][su] and explore some of its decay
channels. The mass and coupling of the Y are evaluated
using the QCD two-point sum rule method [21, 22]. We
investigate the strong decays Y → φf0(980), Y → φη,
and Y → φη′, and find their partial widths. To this end,
we use the QCD light-cone sum rule (LCSR) method [23],
and calculate the couplings GY φf , gY φη, and gY φη′ cor-
responding to the strong vertices Y φf0(980), Y φη, and
Y φη′, respectively. The coupling GY φf is computed by
employing the full version of the LCSR method, whereas
in the case of gY φη, and gY φη′ this method is supple-
mented by a technique of the soft-meson approximation
[24–26]. Because the light component of f0(980) is irrel-
evant for analysis of the decay Y → φf0(980), we treat
f0(980) as a pure H state.
This article is organized as the following way: In Sec.
II we calculate the mass and coupling of the tetraquark
Y . The strong decays of this state are considered in
sections III and IV. In Sec. III we analyze the process
Y → φf0(980) using the LCSR method and find partial
decay width of this channel. The partial widths of the
decay modes Y → φη, and Y → φη′ are calculated in
the next section IV. In Sec. V we analyze the obtained
results, and give our conclusions.
II. SPECTROSCOPIC PARAMETERS OF THE
TETRAQUARK Y : THE MASS mY AND
CURRENT COUPLING fY
To evaluate the mass mY and coupling fY of the vec-
tor tetraquark Y , we use the QCD two-point sum rule
method and start our calculations from analysis of the
correlation function
Πµν(p) = i
∫
d4xeipx〈0|T {JYµ (x)JT†ν (0)}|0〉, (1)
where
JYµ (x) = [u
T
a (x)Cγ5sb(x)][ua(x)γµγ5Cs
T
b (x)]
−[uTa (x)Cγµγ5sb(x)][ua(x)γ5CsTb (x)], (2)
is the interpolating current for the Y . Here, a and b are
color indices, and C is the charge-conjugation matrix.
To get the sum rules for the mass and coupling of the
tetraquark Y , we should express the correlation function
in terms of these spectral parameters, and also calcu-
late Πµν(p) using quark-gluon degrees of freedom. The
first expression forms the physical side of the sum rules
ΠPhysµν (p), whereas the second one constitutes their QCD
side ΠOPEµν (p). In terms of the tetraquark’s parameters
the correlation function has the following form
ΠPhysµν (p) =
〈0|JYµ |Y (p)〉〈Y (p)|JY †ν |0〉
m2Y − p2
+ . . . . (3)
Equation (3) is derived by saturating the correlation
function with a complete set of JP = 1−− states and
carrying out integration in Eq. (1) over x. As usual, con-
tributions arising from higher resonances and continuum
states are denoted above by dots.
The correlator ΠPhysµν (p) can be further simplified if one
introduces the matrix element
〈0|JYµ |Y (p)〉 = fYmY ǫµ, (4)
3where ǫµ is the polarization vector of the Y state. Then
the correlation function ΠPhysµν (p) takes the simple form
ΠPhysµν (p) =
m2Y f
2
Y
m2Y − p2
(
−gµν + pµpν
m2Y
)
+ . . . . (5)
It contains two Lorentz structures one of which has to be
chosen to obtain the sum rules. Because the term propor-
tional to gµν receives contribution only from the vector
states, we work with this structure and corresponding
invariant amplitude ΠPhys(p2).
The QCD side of the sum rules is given by the same
correlation function Πµν(p) but expressed in terms of the
quark propagators. Substituting the interpolating cur-
rent into Eq. (1), and contracting the quark fields, we
get
ΠOPEµν (p) = i
∫
d4xeipx
{
Tr
[
γ5S˜
b′b
s (−x)γ5γνSa
′a
u (−x)
]
×Tr
[
Saa
′
u (x)γ5S˜
bb′
s (x)γ5γµ
]
+Tr
[
γµγ5S˜
b′b
s (−x)γ5
×Sa′au (−x)
]
Tr
[
Saa
′
u (x)γνγ5S˜
bb′
s (x)γ5
]
+Tr
[
Saa
′
u (x)γ5
×S˜bb′s (x)γ5
]
Tr
[
γµγ5S˜
b′b
s (−x)γ5γνSa
′a
u (−x)
]
+Tr
[
γ5S˜
b′b
s (−x)γ5Sa
′a
u (−x)
]
×Tr
[
Saa
′
u (x)γνγ5S˜
bb′
s (x)γ5γµ
]}
, (6)
where
S˜q(x) = CS
T
q (x)C. (7)
In the formula above Sq(x) is the light quark propagator,
for which we employ the expression
Sabq (x) = i
/x
2π2x4
δab − mq
4π2x2
δab − 〈qq〉
12
(
1− imq
4
/x
)
δab
− x
2
192
〈qgsσGq〉
(
1− imq
6
/x
)
δab − /xx
2g2s
7776
〈qq〉2δab
− igsG
µν
ab
32π2x2
[/xσµν + σµν/x]− x
4〈qq〉〈g2sG2〉
27648
δab
+
mqgs
32π2
Gµνab σµν
[
ln
(−x2Λ2
4
)
+ 2γE
]
+ · · · , (8)
where γE ≃ 0.577 is the Euler constant and Λ is the QCD
scale parameter.
To find the required sum rules, we extract the invariant
amplitude ΠOPE(p2) corresponding to the structure gµν ,
and equate it to ΠPhys(p2). We apply the Borel trans-
formation to both sides of the obtained equality, which
is necessary to suppress contributions of the higher res-
onances and continuum states. At the next stage, using
an assumption on quark-hadron duality, we carry out the
continuum subtraction. After these standard manipula-
tions the sum rule depends on new parameters M2 and
s0: the first of them M
2 is the Borel parameter gener-
ated by the Borel transformation, whereas s0 is the con-
tinuum threshold parameter that dissects contributions
Quantity Value
〈q¯q〉 −(0.24± 0.01)3 GeV3
〈s¯s〉 0.8〈q¯q〉
m20 (0.8± 0.1) GeV
2
〈qgsσGq〉 m
2
0〈q¯q〉
〈sgsσGs〉 m
2
0〈s¯s〉
〈αsG
2
pi
〉 (0.012 ± 0.004) GeV4
ms 93
+11
−5 MeV
mφ (1019.461 ± 0.019) MeV
mf (990± 20) MeV
mη (547.862 ± 0.018) MeV
mη′ (957.78 ± 0.06) MeV
fφ (215± 5) MeV
TABLE I: Vacuum condensates and spectroscopic parameters
of the mesons used in numerical computations.
of the ground-state and higher resonances from each an-
other. Remaining operations to find the sum rules for
mY and fY are similar to ones presented numerously in
the literature, and therefore, we skip further details. It is
worth noting that calculation of ΠOPE(p2) in the present
article is performed by taking into account nonperturba-
tive terms up to dimension 15.
The obtained sum rules contain various vacuum con-
densates, and depend on the s quark’s mass and on two
auxiliary parameters M2 and s0. Values of the vacuum
condensates and the mass of s quark used in numerical
computations are collected in Table I. Here, we also write
down the parameters of the φ, f0(980), η, and η
′ mesons
which are necessary to calculate partial widths of the de-
cay processes.
The condensates characterize nonperturbative features
of the vacuum and do not depend on a problem under
consideration. On the contrary, the Borel and contin-
uum threshold parameters M2 and s0 should be chosen
for each sum rule computations individually and must
meet restrictions imposed on them by the QCD sum rule
method. The main constraints on M2 and s0 are con-
nected with convergence of the operator product expan-
sion (OPE) which we fix by means of the ratio
R(M2) =
ΠDimN(M2, s0)
Π(M2, s0)
, (9)
and with the restriction on the pole contribution (PC)
PC =
Π(M2, s0)
Π(M2, ∞) . (10)
In Eqs. (9) and (10) Π(M2, s0) is the invariant amplitude
ΠOPE(p2) obtained after the Borel transformation and
subtraction procedures, and ΠDimN(M2, s0) denotes a
last term (or a sum of last few terms) in OPE. At the
minimum of the working window for the Borel parameter,
we require R(M2) ≃ 0.01 and use a sum of three terms
4DimN = Dim(13 + 14 + 15) to estimate R(M2min). At
maximum allowed value ofM2, we demand fulfillment of
the condition PC > 0.2.
In general, quantities extracted from the sum rules
should not depend on M2 and s0. But actual compu-
tations demonstrate a residual dependence of results on
these parameters. Let us note that uncertainties in the
choice of the M2 and s0 are main sources of theoretical
errors in the sum rule calculations, which however can be
systematically kept under control. So, a minimum sensi-
tivity of the extracted quantities on M2 and s0 is among
important requirements in a choice of working regions for
M2 and s0.
Numerical analysis allows us to fix the regions
M2 ∈ [1.2, 1.7] GeV2, s0 ∈ [6, 6.5] GeV2 (11)
as ones which obey the constraints imposed on M2 and
s0. Thus, at M
2 = 1.2 GeV2 the convergence of the
OPE is fulfilled, because a contribution of the last three
terms to the Borel transformed and subtracted invariant
amplitude Π(M2, s0) does not exceed 0.3% of its value.
At M2 = 1.2 GeV2 the pole contribution forms 60% of
Π(M2, s0), whereas at M
2 = 1.7 GeV2 it amounts to
approximately 30% of the whole result.
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FIG. 1: The mass mY of the tetraquark Y as a function of
the Borel and continuum threshold parameters.
The mass mY and coupling fY are plotted in Figs. 1
and 2 as functions of M2 and s0: one can inspect their
dependence on the Borel and continuum threshold pa-
rameters which is considerable for fY .
Our results for the spectroscopic parameters of the
tetraquark Y are
mY = (2173± 85) MeV,
fY = (2.8± 0.5)× 10−3 GeV4. (12)
As is seen, the mY is in excellent agreement with the
datum of the BaBar Collaboration (2175±10±15)MeV.
It is lower than the new result (2200±6±5)MeV reported
by BESIII, but within errors of calculations is compatible
with this measurement as well. In this situation decays
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fY102HGeV4L
FIG. 2: Dependence of the coupling fY on M
2 and s0.
of the tetraquark Y become of special interest, because
predictions for partial widths of the different channels
and for the full width of the Y are important to verify
our assumption on its structure.
III. THE DECAY Y → φf0(980)
The process Y → φf0(980) is one of dominant strong
decays of the tetraquark Y . To calculate partial width of
this channel, we extract the strong coupling GY φf of the
vertex Y φf0(980) in the context of the LCSR method
and express it in terms of various vacuum condensates
and distribution amplitudes (DAs) of the φ meson.
To derive the light-cone sum rule for the coupling
GY φf , we start from analysis of the correlation function
Πµ(p, q) = i
∫
d4xeipx〈φ(q)|T {Jf (x)JY †µ (0)}|0〉, (13)
where JYµ (x) is the interpolating current of Y introduced
in Eq. (2).
As it has been emphasized above, we consider the
scalar meson f0(980) [in formulas we use f = f0(980)]
as a pure H state. Interpolating current for such state is
given by expression
Jf (x) =
ǫǫ˜√
2
{[
uTa (x)Cγ5sb(x)
] [
uc(x)γ5Cs
T
e (x)
]
+
[
dTa (x)Cγ5sb(x)
] [
dc(x)γ5Cs
T
e (x)
]}
, (14)
where ǫǫ˜ = ǫdabǫdce.
Then, the phenomenological side of the sum rule is
determined by the formula
ΠPhysµ (p, q) =
〈0|Jf |f (p)〉
p2 −m2f
〈f (p)φ(q)|Y (p′)〉
×〈Y (p
′)|J†µ|0〉
p′2 −m2Y
+ · · · , (15)
5where p′, and p, q are 4-momenta of the initial and final
particles, respectively. To simplify ΠPhysµ (p, q) we express
the matrix elements in terms of physical parameters of
the particles involved into the decay process. The ma-
trix element 〈Y (p′)|J†µ|0〉 is given by Eq. (4), whereas for
〈0|Jf |f (p)〉 we use
〈0|Jf |f(p)〉 = F fmf . (16)
We parameterize the vertex 〈f (p)φ(q)|Y (p′)〉 by means
of the expression
〈f (p)φ(q)|Y (p′)〉 = GY φf [(p′ · q)(ε∗ · ε′)
−(q · ε′)(p′ · ε∗)] , (17)
where GY φf is the strong coupling which should be de-
termined using the sum rule, and ε∗µ is the polarization
vector of the φ meson. This information on the matrix
elements is enough to get the phenomenological side of
sum rule which reads
ΠPhysµ (p, q) = GY φf
mY fYmfFf
2 (p′2 −m2Y )
(
p2 −m2f
)
×
[(
m2f −m2Y −m2φ
)
ε∗µ +
m2Y +m
2
f −m2φ
m2Y
p · ε∗qµ
]
.
(18)
It is seen that the function ΠPhysµ (p, q) contains two
Lorentz structures which can be employed to derive the
required sum rule. In the present study we choose the
structure proportional to the polarization vector ε∗µ.
The second component of the sum rule is obtained by
substituting the interpolating currents into the correla-
tion function (13), contracting the relevant quark fields,
and expressing ΠOPEµ (p, q) in terms of quarks’ light-cone
propagators Sq(x), and distribution amplitudes of the φ
meson. After contracting the quark fields the matrix el-
ement in Eq. (13) contains numerous terms of the forms
[A(x)]abαβ 〈φ(q)|saα(x)sbβ(0)|0〉,
[B(x)]
ab
αβ 〈φ(q)|saα(0)sbβ(x)|0〉, (19)
where α and β are the spinor indices. Here A(x)
and B(x) are some combinations of the propagators
Sq(±x), S˜q(±x) = CSTq (±x)C, and γ5(σ) matrices. In
calculations we use the light-cone propagator of the u, d,
and s quarks, which is determined by the expression
Sabq (x) =
i/x
2π2x4
δab − mq
4π2x2
δab − 〈qq〉
12
(
1− imq
4
/x
)
δab
− x
2
192
m20〈qq〉
(
1− imq
6
/x
)
δab
−igs
∫ 1
0
du
{
/xG
µν
ab (ux)σµν
16π2x2
− iuxµ
4π2x2
Gµνab (ux)γν
− imq
32π2
Gµνab (ux)σµν
[
ln
(−x2Λ2
4
)
+ 2γE
]}
. (20)
Apart from propagators the function ΠOPEµ (p, q) de-
pends also on non-local matrix elements of the quark op-
erator ss sandwiched between the vacuum and φ state.
To express these matrix elements using the φmeson’s dis-
tribution amplitudes, we expand s(x)s(0) [this analysis
is valid for s(0)s(x) as well ] over the full set of Dirac ma-
trices ΓJ and project them onto the color-singlet states
saα(x)s
b
β(0)→
1
12
δabΓJβα
[
s(x)ΓJs(0)
]
, (21)
where ΓJ
ΓJ = 1, γ5, γµ, iγ5γµ, σµν/
√
2. (22)
The matrix element of the operators s(x)ΓJs(0) can be
expanded over x2 and written down in terms of the φ
meson’s two- and three-particle DAs of different twist.
In the case ΓJ = 1 and iγµγ5 we use the definitions
〈0|s(x)s(0)|φ(q)〉 = −if⊥φ ε · xm2φ
∫ 1
0
dueiuqxψ
‖
3(u), (23)
and
〈0|s(x)γµγ5s(0)|φ(q)〉 = 1
2
f
‖
φmφǫµναβε
νqαxβ
×
∫ 1
0
dueiuqxψ⊥3 (u). (24)
For the structures ΓJ = γµ and σµν we have
〈0|s(x)γµs(0)|φ(q)〉 = f‖φmφ
{
ε · x
q · xqµ
×
∫ 1
0
dueiuqx
[
φ
‖
2(u) +
m2φx
2
4
φ
‖
4(u)
]
+
(
εµ − qµ ε · x
q · x
)∫ 1
0
dueiuqxφ⊥3 (u)
−1
2
xµ
ε · x
(q · x)2m
2
φ
∫ 1
0
dueiuqxC(u) + ...
}
, (25)
and
〈0|s(x)σµνs(0)|φ(q)〉 = if⊥φ {(εµqν − ενqµ)
×
∫ 1
0
dueiuqx
[
φ⊥2 (u) +
m2φx
2
4
φ⊥4 (u)
]
+
1
2
(εµxν − ενxµ)
m2φ
q · x
∫ 1
0
dueiuqx
[
ψ⊥4 (u)− φ⊥2 (u)
]
+(qµxν − qνxµ) ε · x
(q · x)2m
2
φ
∫ 1
0
dueiuqxD(u) + ...
}
,
(26)
respectively. Here u = 1− u, and mφ and ε are the mass
and polarization vector of the φ meson, respectively. In
6the equations above the functions C(u) and D(u) denote
the combinations of the two-particle DAs
C(u) = ψ
‖
4(u) + φ
‖
2(u)− 2φ⊥3 (u),
D(u) = φ
‖
3(u)−
1
2
φ⊥2 (u)−
1
2
ψ⊥4 (u). (27)
The twists of the distribution amplitudes are shown as
subscripts in the relevant functions. It is seen that
the C(u) and D(u) include the two-particle leading
twist DAs φ
‖(⊥)
2 (u), the twist-3 distribution amplitudes
φ
‖(⊥)
3 (u) and ψ
‖(⊥)
3 (u), as well as twist-4 distributions
φ
‖(⊥)
4 (u) and ψ
‖(⊥)
4 (u). Expressions of the matrix ele-
ments 〈0|s(x)ΓJGµν(vx)s(0)|φ(q)〉 in terms of the higher
twist DAs of the φ meson, as well as detailed information
on their properties were reported in Refs. [27–31].
The explicit expression of the ΠOPEµ (p, q) as a function
of the φ meson’s DAs is cumbersome, therefore we do not
provide it here. In our analysis we employ the invariant
amplitude ΠOPE(p′2, p2) proportional to ε∗µ and match it
to corresponding function from ΠPhysµ (p, q). These am-
plitudes depend on p′2 and p2, therefore one should per-
form the double Borel transformation over the variables
p′2 and p2
ΠOPE(M21 ,M
2
2 ) = BM
2
1
p′2 B
M2
2
p2 Π
OPE(p′2, p2). (28)
The Borel transformed amplitude ΠOPE
(
M21 , M
2
2
)
can
be calculated in accordance with a scheme explained in
Ref. [32], and expressed as a double dispersion integral.
But to simplify manipulations following after the Borel
transformation, we can relate the parametersM21 andM
2
2
to each other using
M2
1
M2
2
=
m2Y
m2
f
and introduce a common
parameter M2 through the relation
1
M2
=
1
M21
+
1
M22
. (29)
This implies replacements
M21 =
m2f +m
2
Y
m2f
M2,
M22 =
m2f +m
2
Y
m2Y
M2, (30)
in the sum rules, and allows us to perform integration
over one of variables in the double dispersion integral.
The obtained expressions in this step depend also on the
parameter u0 with
u0 =
M21
M21 +M
2
2
=
m2Y
m2f +m
2
Y
. (31)
As a result of the above procedure we get a single in-
tegral representation for ΠOPE
(
M2
)
which considerably
simplifies the continuum subtraction: formulas necessary
to carry out this procedure can be found in Appendix B
of Ref. [32].
The DAs of the φ meson depend on numerous param-
eters. For example, the leading twist DAs of the longitu-
dinally and transversely polarized φ meson are given by
the expression
φ
‖(⊥)
2 (u) = 6uu
[
1 +
∞∑
n=2
a‖(⊥)n C
3/2
n (2u− 1)
]
, (32)
where Cmn (2u − 1) are the Gegenbauer polynomials.
Equation (32) is the general expression for φ
‖(⊥)
2 (u). In
our calculations we employ twist-2 DAs with a non-
asymptotic term a
‖(⊥)
2 6= 0. The models for the higher
twist DAs, and values of the relevant parameters at the
normalization scale µ0 = 1GeV are taken from Refs.
[30, 31] (see Tables 1 and 2 in Ref. [31]).
The sum rule for the coupling GY φf contains the
quark, gluon and mixed condensates and the s-quark
mass which are moved to Table I. The spectroscopic pa-
rameters of the particles involved into the decay Y →
φf0(980) are also input information of computations.
The mass and coupling of the tetraquark Y have been
evaluated in the present work. For the mass of the φ and
f0(980) mesons we use their experimental values (see Ta-
ble I). The coupling Ff of the meson f0(980) is borrowed
from Ref. [19], where it was treated as the four-quark
system
Ff ≡ FH = (1.35± 0.34)× 10−3 GeV4. (33)
Finally, the sum rule depends on the Borel and contin-
uum threshold parameters: M2 and s0 are auxiliary pa-
rameters of computations, and the result should be in-
sensitive to their choices. But in real analysis we can
only minimize these effects and fix convenient working
windows for the M2 and s0
M2 ∈ [2.4, 3.4] GeV2, s0 ∈ [6, 6.5] GeV2. (34)
In accordance with our studies the strong coupling
GY φf is equal to
GY φf = (1.62± 0.41) GeV−1. (35)
The width of the decay Y → φf0(980) is determined by
the expression
Γ(Y → φf) = G
2
Y φfm
2
φ
24π
λ
(
3 +
2λ2
m2φ
)
, (36)
where
λ ≡ λ(mY ,mφ,mf ) = 1
2mY
[
m4Y +m
4
φ +m
4
f
−2 (m2Ym2φ +m2Ym2f +m2φm2f)]1/2 . (37)
Then computations yield
Γ(Y → φf) = (49.2± 17.6) MeV. (38)
The prediction for Γ(Y → φf) is the main result of this
section which will be used to estimate the full width of
the tetraquark Y .
7IV. THE DECAYS Y → φη AND Y → φη′
The next two strong decays of the tetraquark Y are
the channels Y → φη and Y → φη′. Here, we consider in
a detailed form the dominant process Y → φη, and write
down final results for the second mode Y → φη′.
In the framework of the LCSR method the correlation
function necessary to study the vertex Y φη is given by
the expression
Πµν(p, q) = i
∫
d4xeipx〈η(q)|T {Jφµ (x)JY †ν (0)}|0〉, (39)
where Jφµ (x) is the interpolating current for the vector φ
meson
Jφµ (x) = s(x)γµs(x). (40)
The phenomenological side of the sum rule can be written
down in the form
ΠPhysµν (p, q) =
〈0|Jφµ |φ (p)〉
p2 −m2φ
〈φ (p) η(q)|Y (p′)〉
×〈Y (p
′)|J†µ|0〉
p′2 −m2Y
+ · · · , (41)
and simplified further using the matrix elements:
〈0|Jφµ |φ (p)〉 = fφmφǫµ, (42)
and
〈φ (p) η(q)|Y (p′)〉 = gY φηεµναβpµqνǫ∗αǫ′β, (43)
where ǫ′β is the polarization vector of the tetraquark Y ,
and gY φη is the strong coupling corresponding to the ver-
tex Y φη.
Simple manipulations allow us to recast ΠPhysµν (p, q)
into the form
ΠPhysµν (p, q) = gY φη
fφmφfYmY(
p2 −m2φ
)
(p′2 −m2Y )
×εµναβpαqβ + · · · , (44)
where the only term is the contribution arising from the
ground-state particles: effects of the higher resonances
and continuum states are denoted by dots. The corre-
lation function ΠPhysµν (p, q) has a simple Lorentz struc-
ture. The invariant amplitude ΠPhys(p′2, p2), which will
be used to derive the sum rule for the coupling gY φη, can
be obtained from Eq. (44) by factoring out the structure
εµναβp
αqβ .
We extract the second component of the sum rule, i.
e., the invariant amplitude ΠOPE(p′2, p2) from the corre-
lation function ΠOPEµν (p, q). In the case under analysis it
is given by the following expression
ΠOPEµν (p, q) = −i
∫
d4xeipx
[
γ5S˜
ib
s (x)γµS˜
bi
s (−x)γ5γν
+γνγ5S˜
ib
s (x)γµS˜
bi
s (−x)γ5
]
αβ
〈η(q)|uaα(0)uaβ(0)|0〉.
(45)
As is seen, the correlation function is written down
in terms of the s quark propagators and local matrix
elements of the η meson. Dependence of ΠOPEµν (p, q)
on the local matrix elements of a final meson is the
distinctive feature of the LCSR method when applied
to tetraquark-meson-meson vertices. Treatment of such
vertices requires some additional manipulations, which
we are going to explain below. But before that we
have to find ΠOPEµν (p, q) by rewriting the matrix elements
〈η(q)|uaα(0)uaβ(0)|0〉 in terms of the η meson’s parameters.
To this end, we expand uaα(0)u
a
β(0) and determine the
standard matrix elements of the η meson that contribute
to the correlation function. These operations have been
discussed in the previous section, therefore here we omit
further details.
Performed analysis shows that the matrix element
〈η(q)|uγµγ5u|0〉 contributes to the correlation function
ΠOPEµν (p, q). It is defined by the formula
〈η(q)|uγµγ5u|0〉 = −i
f qη√
2
qµ, (46)
where f qη is the decay constant of the η meson’s ”q”
component. The matrix element (46) differs from sim-
ilar expressions of other pseudoscalar mesons. This is
connected with the mixing in the η − η′ system which
can be described using either the octet-singlet or quark-
flavor basis of the flavor SUf (3) group. The latter is
more convenient and simple for applications, and was
used in Refs. [33–35] to explore different exclusive pro-
cesses. This scheme is utilized in the present work as
well.
In the quark-flavor basis the decay constants of the
mesons η and η′ can be extracted from the equality(
f qη f
s
η
f qη′ f
s
η′
)
= U(ϕ)
(
fq 0
0 fs
)
, (47)
where U(ϕ) is the mixing matrix
U(ϕ) =
(
cosϕ − sinϕ
sinϕ cosϕ
)
. (48)
In Eqs. (47) and (48) the constants fq and fs are given
by the formulas
fq = (1.07± 0.02)fpi, fs = (1.34± 0.06)fpi, (49)
where fpi = 131 MeV is the pion decay constant, and
ϕ = 39◦.3 ± 1◦.0 is the mixing angle in the quark-flavor
basis.
Using Eqs. (45) and (46), we can obtain the invari-
ant amplitude ΠOPE(p′2, p2) which should be equated
to ΠPhys(p′2, p2) in order to derive the sum rule for the
strong coupling gY φη. But, as we have been emphasized
above, a treatment of tetraquark-meson-meson vertices
in the context of the LCSR method differs from standard
analysis of the previous section [26]. In fact, the LCSR for
8vertices of conventional mesons depends on distribution
amplitudes of one of final mesons, which contain all infor-
mation about nonperturbative dynamical features of the
meson. The same arguments are valid for the tetraquark-
tetraquark-meson vertices as well [32]. But in the case
of the tetraquark-meson-meson vertices, after contract-
ing relevant quark fields, due to a four-quark structure
of the tetraquark, the correlation function contains only
local matrix elements one of final mesons (45). Then the
momentum of this meson should be set q = 0 which is
necessary to satisfy the four-momentum conservation at
the vertex. This leads to essential modifications in the
calculational scheme, because now we have to complete
the LCSR method with technical methods of the soft-
meson approximation [24, 26].
In the soft limit q → 0, we get p′ = p, as a result we
have to perform one-variable Borel transformation of the
invariant amplitudes [26]. For the physical (phenomeno-
logical) side this leads to the formula
BΠPhys(p2) = gY φηfφmφfYmY e
−m2/M2
M2
+ · · · ,
(50)
where m2 = (m2φ +m
2
Y )/2.
In the soft-meson approximation the phenomenological
side of the sum rule has a more complicated organization
than in the case of full LCSR method. The reason is that
in the soft limit contributions connected with higher res-
onances and continuum states demonstrate complicated
behavior. Indeed, some of these terms even after the
Borel transformation remain unsuppressed and appear as
contaminations in the phenomenological side [24]. There-
fore, before carrying out the continuum subtraction they
should be excluded from BΠPhys(p2) by means of some
manipulations. This problem is solved by acting on the
phenomenological side of the sum rule by the operator
[24, 25]
P(M2,m2) =
(
1−M2 d
dM2
)
M2em
2/M2 , (51)
that eliminates contaminating terms. Then contributions
of higher resonances with regular behavior can be sub-
tracted from the QCD side by benefiting from the quark-
hadron duality assumption.
The operator P(M2,m2) should also be applied to the
QCD side of the sum rule. Then the strong coupling gY φη
can be determined from the sum rule
gY φη =
1
fφmφfYmY
P(M2,m2)ΠOPE (M2, s0) , (52)
where ΠOPE(M2, s0) is the invariant amplitude Π
OPE(p2)
after the Borel transformation and continuum subtrac-
tion procedures. Our calculations carried out by taking
into account nonperturbative terms up to dimension 5
yield
ΠOPE
(
M2, s0
)
=
f qηms
8
√
2π2
∫ s0
4m2s
dse−s/M
2
+
f qηm
2
s
6
√
2M2
〈ss〉+ f
q
η
12
√
2M2
〈sgsσGs〉. (53)
The width of the decay Y → φη is given by the follow-
ing expression
Γ(Y → φη) = g
2
Y φηλ
3(mY ,mφ,mη)
12π
, (54)
Numerical analysis leads to the results
gY φη = (1.85± 0.38) GeV−1,
Γ(Y → φη) = (35.8± 10.4) MeV. (55)
It is worth noting that in computations of gY φη, we have
used the following working regions for M2 and s0
M2 ∈ [1.3, 1.8] GeV2, s0 ∈ [6, 6.5] GeV2. (56)
The partial width of the second process Y → φη′ can
be computed by utilizing the expressions obtained for the
first decay. The corrections are connected with mass of
the η′ meson and coupling f qη′ , and required replacements
f qη′ = fq sinϕ, λ→ λ(mY ,mφ,mη′), (57)
can be easily implemented into analysis. For the param-
eters of the second process we obtain
gY φη′ = (1.59± 0.31) GeV−1,
Γ(Y → φη′) = (6.1± 1.7) MeV. (58)
Saturating the full width of the Y resonance by three
decay channels considered in the present work, we get
Γfull = (91.1± 20.5) MeV. (59)
This estimate coincides neither with the BaBar data nor
with measurements of the BESIII Collaboration, but is
close to the latter.
V. ANALYSIS AND CONCLUDING NOTES
We have explored the resonance Y by modeling it as a
light vector tetraquark with the content [su][su]. In the
tetraquark model it was considered till now as a vector
[ss][ss] or (ss)(ss) particles. Our treatment is motivated
by the dominant decay channel Y → φf0(980) of the
Y , where it was observed as a resonant structure in the
φf0(980) invariant mass distribution. A suggestion on
the quark content of the Y depend on the structures of
the final-state particles: one can consider the f0(980)
either as a scalar meson ss or as a particle composed
of the four valence quarks. In the second picture the
9vector compound Y = [su][su] emerges as a quite natural
assignment for this resonance. Calculations carried out
in the present work lead to the following predictions for
mY and Γfull of such state
mY = (2173± 85) MeV, Γfull = (91.1± 20.5) MeV.
(60)
The result for the mass mY is in accord with the
BaBar data, but is compatible with BESIII measure-
ments as well. The full width Γfull has the small over-
lapping region with Γ = (58 ± 16 ± 20) MeV extracted
in Ref. [1], but agreement with data of the BESIII Col-
laboration is considerably better. In calculations of
the Γfull, we have taken into account only three strong
decays of the resonance Y . But decay modes Y →
φππ, K+K−π+π−, K∗(892)0K
∗
(892)0 of Y (seen exper-
imentally and/or theoretically possible) and other chan-
nels have not been included into analysis. Partial width
of these decays may significantly improve the present es-
timate for Γfull.
Encouraging is our estimate for the ratio
Γ(Y → φη)
Γ(Y → φf) ≈ 0.73,
which almost coincides with its experimental value ≈
0.74. The latter has been extracted from an available in-
formation on the ratios [36] [Y is denoted there φ(2170)]
Γ(Y → φη)× Γ(Y → e+e−)
Γtotal
= 1.7± 0.7± 1.3, (61)
and
Γ(Y → φf)× Γ(Y → e+e−)
Γtotal
= 2.3± 0.3± 0.3. (62)
Unfortunately, precision of the experimental data and
uncertainties of the theoretical results do not allow us to
make more strong statements about decay modes of the
tetraquark Y .
As is seen, our suggestion on a nature of the reso-
nance Y (2175) as the vector tetraquark with the content
[su][su] has led to reasonable agreements with existing
experimental data. Theoretical analyses of decay chan-
nels left beyond the scope of the present work, as well as
their detailed experimental studies will be of great help
to answer open questions about the structure of the res-
onance Y (2175).
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